Abstract. Terrestrial heat flow in the Baikal rift zone is irregularly distributed. Its high values are associated with active faults and areas of dynamic influence of faults. Stress patterns in these regions have been studied across and along major faults. Measurement sites under consideration are those located not farther than 30 km from the given fault axis. Across the fault strike, heat flow values are revealed to decrease with distance from the fault axis. Along the fault strike, variations of heat flow values are within measurement errors, with the exception of thermal spring sites. It is established that heat flow values are regularly changeable. Similar relationships are obtained for heat flow patterns in other continental rift zones.
Introduction
Heat flow acting from the Earth's interiors is one of the primary factors determining geodynamic activity of geological structures and activity of faults. We discuss quantitative relationships between heat flow values and their variations across and along fault zones using data from the Baikal rift zone (BRZ) and the territory of the Siberian and Transbaikalian microplates ( Fig. 1 ) in the eastern part of the Eurasian continent. The variability of these values is calculated as sums of squares of deviations from the overall average values and double estimation error (2σ ); average values of heat flow and density of the faults are obtained.
Heat flow stations are primarily concentrated in the central part of the Baikal rift zone (BRZ), especially within and around Lake Baikal as well as in some other southern regions of the Siberian microplate (Fig. 2) . The database of the given heat-flow map includes data received from the on-land area and within the Lake Baikal, from geothermal surveys conCorrespondence to: S. I. Sherman (ssherman@earth.crust.irk.ru) ducted in exploratory drillholes ranging from 0.3 to 3-5 km in depth (0.3 to 1 km in ridges, 1 to 2.5 km in intermountain depressions, and 2.5 to 5 km on the Siberian microplate) and from 0.5 to 2 km (mostly <1 km) at altitudes above sea level. Precise heat flow measurements were carried out for several weeks or several months (occasionally up to 5 years) after drilling had been complete. Results of hydrogeological and cryological studies were also used in constructing the map (Lysak, 1978; 1984; 1995) .
Marine studies at transversal profiles across Lake Baikal were carried out by oceanographic techniques from aboard of a scientific vessel. Either a thermal gradiometer (Duchkov et al., 1987) or a cable thermistor probe penetrating through 1 m to 3 m thickness of bottom sediments were used (Golubev, 1982; Golubev et al., 1993 ).
An average heat flow value of Lake Baikal basin is 78±36 mW/m 2 . In other rift depressions (Tunka, Barguzin), it is 62±13 mW/m 2 . Thermal waters of these intermountain artesian basins are distinguished in the thermal field as regional anomalies. Their local high values exceed 80-100 mW/m 2 in the fault zones bordering these depressions. At the north-eastern flank of the BRZ, heat flow drops down to 50 mW/m 2 and below; it can reach 70-80 mW/m 2 only at some local fault sections (see Fig. 2 ). The regional heat flow of ridges bordering the rift depressions is 40±6 mW/m 2 .
An average regional heat flow of the Transbaikalian microplate is 52±11 mW/m 2 . In the southern Siberian microplate, an average heat flow value is around 38±8 mW/m 2 . Low values are observed at the marginal uplifts (Lysak, 1988) .
Faults in the BRZ are numerous. A fault map of Fig. 3 shows fault directions, genetic types and ages (Sherman et al., 1992) . In the BRZ central part, the 60 • trending faults dominate; they follow the general strike of the rift zone. The north-west-trending faults are observed perpendicular to the rift zone strike. In the BRZ south-western part, sub- Latitudinal faults are second in number, whereas longitudinal ones are even rarer. The BRZ central part is characterized by a maximum number of the Cenozoic faults trending in agreement with the BRZ general strike. At the BRZ flanks, the predominant fault trend coincides with the strike of the most extensive deepseated faults of the basement; these faults are pre-Cenozoic in age (Sherman et al., 1992; Levi and Sherman, 1995) .
A non-uniform distribution of faults and heat flow values is evident in the BRZ and its adjacent territory. Nonetheless, some quantitative relationships between faults and heat flow can be revealed.
Distribution of heat flow in fault zones
Numerous active faults are revealed at the bottom of Lake Baikal (Fig. 4 ). An average heat flow value of this area is 78±36 mW/m 2 . In fault zones, it reaches 87±10 mW/m 2 . There are local sites where the submarine heat flow exceeds 200-1000 mW/m 2 . Extremely high values of heat flow over 6000-8000 mW/m 2 are associated with submarine hydrothermal vents in active fault zones (Golubev et al., 1993) ; however, these high values were not taken into consideration when the average heat flow value was estimated.
In deep bottom depressions and at underwater uplifts and blocks, an average heat flow value is by 1.5 times lower (69±23 and 65±18 mW/m 2 , accordingly).
At the Transbaikalian microplate, an average heat flow value of fault zones is 71±3 mW/m 2 . In intermountain depressions and at ridges and uplifts, average heat flow values of fault zones are 52±9 and 47±9 mW/m 2 , accordingly. Even in the southern part of the Siberian microplate, heat flow in fault zones is higher than that in the adjacent areas.
The above regularity is typical of other rift zones, such as the Basin-and-Range Province, the Rio Grande rift, the Rhine and Rhone rifts, the East African rift system and surrounding areas (Table 1) .
Thus, high values of terrestrial heat flow are more characteristic of fault zones and, especially, of zones of active faults in rift depressions, rather than of the surrounding areas.
Heat flow and density of faults
Density of faults, d f is a number of faults, n within an area of ∼5×10 3 km 2 . It is calculated from field data and information from geological maps (Sherman et al., 1992) . A map of density of faults in the Baikal rift zone is shown in Fig. 3b . L.
Ud a R. Golubev, 1982; Duchkov et al., 1987; Lysak, 1978 Lysak, , 1984 Lysak, , 1988 Lysak, , 1995 Golubev et al., 1993. 1 -heat flow sites on land; 2 -thermal springs; 3 -isolines of predominate regional heat flow values in mW/m 2 ; 4 -isolines of hypothetic heat flow values in mW/m 2 ; 5-6 -high heat flow at the Lake Baikal bottom: >200-250
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S e le n g a R . (a) Fault systems of the Baikal rift zone: 1 -Cenozoic sediments; 2 -Cenozoic basalts; 3 -major faults; 4 -regional faults; 5 -local faults; 6 -faults reactivated in the Cenozoic and Cenozoic faults; 7 -normal faults; 8 -oblique slip faults; 9 -thrusts and reverse faults; 10 -extension faults; 11 -zone of intensely fractured rocks; 12 -faults identified from geophysical data but not verified by surface mapping; 13 -boundaries of the rift zone; 14 -major depressions (basins): I -Tunka, II -South Baikal, III -North Baikal, IV -Barguzin, V -Upper Angara, VI -Tsipa-Baunt, VII -Muya, VIII -Chara, IX -Tokko. (b) Density of faults in the Baikal rift zone. Table 1 . Number of heat flow data (N), average value of heat flow (q, mW/m 2 ) and redoubled error of average heat flow estimate (2σ ) in the fault zones of continental rifts and surrounding areas (Lysak, 1999 An average density of faults is 100±27 in the Lake Baikal basin, 70±24 in other rift depressions, 62±22 at rift "shoulders" (all values obtained within areas of 5×10 3 km 2 ). The density of faults is also high in the Transbaikalian microplate: 65±17 in depressions, 70±30 at ridges and uplifts. The southern part of the Siberian microplate is characterized by low densities of faults: 15±4 in depressions, 19±6 at uplifts.
The highest density of faults is observed at the axial part of the Baikal rift zone, wherein local anomalies are characterized by double and even higher values of fault density. This area is characterized by high regional heat flow, local heat flow anomalies and hot spring occurrence (see Figs. 2, 4a) .
A comparison of values of fault density and heat flow allows us to reveal a regularity: heat flow is higher in the areas of higher density of faults. This regularity is characteristic not only of rift zones, but also of the surrounding areas and major geological structures. It is rather strong and can be revealed even in the regions of relatively low geodynamic activity. For example, at the Transbaikalian microplate, wherein an average density of faults is about 70, an average heat flow is 52 mW/m 2 . In the southern areas of the Siberian microplate, the density of faults is less than 20, an average heat flow is about 40 mW/m 2 .
The available data base has been computer processed by a linear binary correlation between values of heat flow and density of faults; correlation factor r and its error range are defined for different structures. This allows us to establish an relation between two values under analysis, q and d f . Then, it is possible to obtain a regression equation of this relation (see below).
Results of the binary correlation between the values of heat flow and density of faults show a non-stable relationship be- Fig. 4 . Terrestrial heat flow and major active faults of the Lake Baikal rift depression. Based on Golubev et al., 1993; Lysak, 1995; Levi et al., 1997. Heat flow values: tween these geodynamic parameters, with considerable variations of correlation factors, r = 0.7±0.5 in the BRZ and r = 0.8±0.6 in Lake Baikal itself. At the mountain framework of the rift depressions (or rift "shoulders") and at the Transbaikalian microplate, correlation factor r is 0.6±0.4. It is less considerable in the southern part of the Siberian microplate (r = 0.4±0.1), however the correlation is present there.
Therefore, in the zones of high fault density, heat flow is increased in comparison with that of the other territories. In the BRZ and its adjacent microplates, the fault zones and especially active ones are heated stronger than the areas of mountain ridges and uplifts.
Variations of heat flow values in areas of dynamic influence of faults
To establish specific relationships between faults and heat flows, a more detailed research has been carried out; the available data on distribution of heat flow across the zones of dynamic influence of faults are analyzed. Areas of dynamic influence of faults are volumes including the axial zone of the fault and its surrounding zone in three dimensions wherein residual deformations (plastic or fracture) and crush movements are manifested (Sherman et al., 1983) .
Qualitative analyses suggest that maximum values of heat flow are typically observed at the fault axial parts (at distance up to 5 km). With distance from the fault axis, heat flow decreases gradually. At a distance of 15-25 km, the influence of the given fault does not have any considerable impact on heat flow values, unless it is influenced by any other fault or any other geodynamic factor (fresh faults, modern fissures or others).
For the BRZ, a data base of quantitative estimations of 20 active faults and 150 heat flow values obtained in the areas of dynamic influence of these faults has been analyzed (Lysak and Sherman, 1978) . As expected, a reverse dependence of heat flow and the distance between the measurement site and the axial zone of the fault is established. The following regression equation is obtained:
where q is heat flow in mW/m 2 ; D is a distance from an axial line of a fault in km. Unlike the above calculations, the correlation factor is higher and less variable: r = −0.56 ± 0.17.
For separate faults, r values and regression equations may be different, but still very similar. For example, at a distance from the Barguzinsky fault to the east (8 points of measurements), the equation is the following:
2 ), r = −0.51 ± 0.26.
The western coast of Lake Baikal is characterized by huge geomorphologic rift forms, including faults, though its recent activity is relatively low. The Primorsky fault is located in this area. Variations of heat flow across the strike of its zone of dynamic influence (46 points of measurements) are extremely high:
2 ), r = −0.78 ± 0.60.
It can be concluded that across the zones of dynamic influence of relatively active faults, heat flow decreases slower than in the whole adjacent area. For comparison, heat flows and areas of dynamic influence of faults of other continental (the Province of Basins and Ranges, the Rio Grande Rift) and oceanic rifts (the Middle-Atlantic rift) have been analyzed. For example, from 17 heat flow measurements, variations of heat flow across the strike of the San Andreas Fault zone (Henyey and Wasserburg, 1971) It corresponds well to the equation of the average data for active faults in the BRZ (Lysak and Sherman, 1978) .
Increased and abnormally high values of heat flow are known in zones of the Rhine-Libyan and Africa-Arabian rift belts, in particular, in the Kenya rift and the Dead Sea rifts (Lysak, 1988 (Lysak, , 1992 .
Conclusion
Our research results give grounds for the following conclusions:
1. Heat flow in fault zones is generally higher than that in the adjacent or surrounding areas. It is dependent on a geodynamic regime of the given territory.
2. Heat flow decreases with distance from the fault axis. Lateral geothermal zoning of faults is well agreed with zones of crushing. Thus, the above described new approach to comparing heat flow and areas of dynamic influence of faults provides the basis for new conclusions and correlation between some of the well known geodynamic parameters. It is especially important for detailed researches of active rift zones and zones of collision, i.e. the areas of active recent destruction of the lithosphere.
